Inhibition of mitochondrial respiration by neutral, monocationic, and dicationic bis-pyridines related to the dopaminergic neurotoxin 1-methyl-4-phenylpyridinium cation (MPP+).
The cytotoxic effect of the dopaminergic neurotoxin 1-methyl-4-phenylpyridinium (MPP+) is believed to be associated with a compromise in cellular energy arising as a consequence of its persistent inhibition of mitochondrial respiration. MPP+ is a rather weak inhibitor of electron transport, but it undergoes passive accumulation inside actively respiring mitochondria in response to the transmembrane electrochemical potential gradient. In order to test the prediction that dicationic analogs of MPP+ might be concentrated to a much greater extent and thereby exert especially potent inhibition of respiration on the intact organelle, we synthesized four differently spaced bis-pyridines, each in neutral, monocationic, and dicationic forms, and evaluated their inhibitory activities in intact mitochondria and in electron transport particles (ETP). Compared to the neutrals, the monocations and especially the dications exhibit reduced inhibition in ETP, but the inhibition in mitochondria is enhanced selectively for the cationic inhibitors presumably on account of their accumulation in the mitochondrial matrix. This enhancement is limited by the relatively poor ability of the cationic bis-pyridines to enter mitochondria, as judged from experiments which evaluated the rate of onset of inhibition (without preincubation), in the absence and presence of tetraphenylborate (TPB-). The dications appear to be transported less well than the monocations, and only the most lipophilic dication exhibited a substantially greater accumulation-dependent enhancement of inhibitory activity on mitochondria than did the corresponding monocation. The compounds studied here constitute a novel class of respiratory chain probes which may be useful for a variety of studies on mitochondria.